ABSTRACT. The keratinocyte, the major component of the epidermis, expresses several proteins that characterize the keratinization during the differentiation. Proliferation and differentiation of cultured human keratinocytes are known to be regulated by the Ca 2+ concentration in the culture medium. However, informations about the rat keratinocyte are relatively limited and their physiology is still an open question. To elucidate the characteristics of the rat keratinocyte, we established rat keratinocyte culture system and examined effects of extracellular calcium concentration on the expression of differentiation-related proteins. Keratinocytes were isolated from the newborn rat skin with 0.25% trypsin, followed by separation with a Percoll density gradient. The separated cells were grown in MCDB153 medium containing several growth factors and Ca 2+ -free fetal bovine serum, then stimulated with Ca 2+ . Immunoblotting demonstrated strong expression of β1 integrin in unstimulated cells, suggesting that the primary culture of rat keratinocytes was successfully established. Expression of desmoglein and transglutaminase was increased by Ca 2+ stimulation, whereas β1 integrin expression was decreased in response to increasing concentrations of Ca 2+ . These observations indicate that cultured rat keratinocytes maintain the ability to differentiate in vitro, which is similar to that of the basal keratinocytes in the epidermis. KEY WORDS: cell culture, desmoglein, differentiation, integrin, keratinocyte.
The epidermis consists of multiple layers of keratinocytes. When keratinocytes of the basal layer withdraw from the cell cycle and become committed to the terminal differentiation, they detach from the basement membrane and migrate into the suprabasal layers [1, 6, 7, 12] . During the differentiation, human keratinocytes express several proteins, transglutaminase and substrates of this enzyme such as involucrin and filaggrin, which form the cornified envelope in the keratinized layer of the epidermis. The structure of cell-cell adhesion also changes during the differentiation. Desmosome, a calcium-dependent intercellular adhesion structure, is known to be composed of transmembrane glycoproteins, e.g. desmoglein and desmocollin. These proteins bind to the cytoplasmic plaque proteins plakoglobin, desmoplakin, and are linked to keratin intermediate filaments [2, 4, 13] . The IgG autoantibodies against desmoglein-1 and -3 cause the epidermal blistering diseases such as pemphigus foliaceous and pemphigus vulgaris [5, [19] [20] [21] . Recent evidence in human keratinocytes showed these antigenitic epitopes of desmogleins are conformation-dependent [3] and calcium-dependent [22] .
Integrins are heterodimeric transmembrane receptor that consist of an α and a β subunit, and mediate the attachment of cells to the extracellular matrix or to other cells. Until now, sixteen α and eight β subunits and more than 20 different receptors have been identified. The ligand-binding specificity of an integrin is determined by the combination of these subunits and by the cell type in which it is expressed [8, 18] . Basal keratinocytes express integrin α3β1 and α6β4 and attach to basement membrane through these molecules. Integrin α3β1 also bind with α2β1, suggesting that some integrins mediate cell-cell adhesion. Expression of these integrins is restricted to the basal, proliferative cell layer. In particular, integrin β1 plays a crucial role in terminal differentiation within the epidermis [1, 6, 7, 33] .
It is well known that the proliferation and differentiation of cultured keratinocytes are regulated by the Ca 2+ concentration in the culture medium. Shifting cells from low Ca 2+ medium to high Ca 2+ medium results in inhibition of proliferation followed by stratification and commitment to the terminal differentiation program [9, 10, 23, 24, 28] . During these events, keratinocytes express several proteins that are characteristic of differentiation [16, 29, 31] .
The suitable culture condition for the rat keratinocyte is known to be different from that for human keratinocyte [26] , but information about the cultured rat keratinocytes is not abundant and its physiology has been unknown yet. Therefore, we attempt to establish cell culture of rat keratinocytes with Percoll density gradient method and immunochemicaly examined expression of integrin β1, cytokeratin, and the differentiation-related proteins, transglutaminase and desmogleins, during the differentiation.
MATERIALS AND METHODS
Cell culture: Keratinocytes from newborn rat epidermis were isolated as previously described [15] with some modifications. Briefly, the skin was treated with 0.25% trypsin/ calcium-magnesium-free phosphate buffered saline (CMF-PBS) at 4°C for 16 hr to detach the dermis from the epidermis. The dermis sheets were minced, then keratinocytes were washed away with CMF-PBS and separated from the minced dermis with cell strainer (40 µm Nylon, Falcon 2340, Becton Dickinson, Franklin Lakes, NJ). The cells were further separated by centrifugation at 1,600 rpm for 15 min with discontinuous density-gradient consist of 50, 40, 30, and 20% Percoll (Amersham Pharmacia Biotech UK, Amersham, Buckinghamshire, England) layers. The basal keratinocytes were concentrated between the 30 and 40% Percoll layers, whereas the differentiated keratinocytes moved to the upper layer (lower density). The cells were suspended in MCDB153 (Sigma, St Louis, MO), which was supplemented with 25 ng/ml epidermal growth factor, 0.1 µg/ml hydrocortisone, 10 µg/ml insulin, 0.23 mM CaCl 2 , essential amino acids [26] and 5% calcium-free fetal bovine serum (FBS). Calcium-free FBS was prepared by treatment with Chelex 100 resin (Bio Rad, Hercules, CA) [32] . The cells were plated in 24-well culture plate (2 × 10 5 / well) and a part of keratinocytes (2.5 × 10 4 ) were also seeded on 8-well Lab-Tek Chamber slides (Nunc. Naperville, IL) that were coated with 0.1% EHS-laminin (LM; Iwaki, Tokyo, Japan) in an atmosphere of humidified air, 5% CO 2 at 37°C. These cells were grown until a subconfluent stage and the medium was changed to serum-free MCDB 153 medium. After 24 hr, the cells were stimulated with 1, 2, or 5 mM CaCl 2 and further incubated for 72 hr.
SDS-PAGE and immunoblotting: Cultured rat keratinocytes were washed with Tris-saline (0.15 M NaCl/10 mM Tris-HCl, pH 7.5) containing a protease inhibitors cocktail (5 mM EDTA/2 mM N-ethylmaleimide/1 mM phenylmethylsulfonyl fluoride) and lysed with 15 µl/cm 2 of 9.5 M urea containing 0.5% CHAPS (3-[cholamidopropyl dimethylammonio]-1-propanesulfonate) and 5% 2-mercaptoethanol. These lysates were applied on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and the following immunoblotting. Briefly, the cell lysate (15 µl for desmogleins and integrin β1, 7.5 µl for transglutaminase and cytokeratin) were boiled for 3 min in the presence of 1% SDS and 0.2% bromophenol blue, then separated on 5% (for desmogleins and integrin) or 10% (for transglutaminase and cytokeratin) separating gel. Gels were stained with 0.1% Coomassie brilliant blue R-250 (Merck, Darmtadt, Germany). The separated protein bands were electrophoretically transferred onto nitrocellulose membranes (Pure nitorocellulose membrane 0.45 µm, Bio Rad). The membranes were incubated with 0.5% casein/50 mM Tris-HCl, pH7.6 for 1 hr, then reacted with mouse monoclonal antidesmoglein antibody (Clone No. DG 3.10, Progen Biotechnik GmbH, Heidelberg, Germany), mouse monoclonal antitype I transglutaminase antibody (Lot No. 21096, Harbor Bio-Products, Norwood, MA), rabbit polyclonal anti-integrin β1 antibody (Lot No. 18303948, Santa Cruz Biotechnology, Santa Cruz, CA) or polyclonal anti-cytokeratin antibody (Lot No. 061, Dakopatts, Glostrup, Denmark) overnight at 4°C, and finally incubated with alkaline phosphatase-labeled anti mouse or rabbit immunoglobulin (Dakopatts) for 60 min. The bands were visualized by incubation with 0.01% nitro blue tetrazolium (Promega, Madison, WI)/ 0.005% 5-bromo-4-chloro-3-indolyl phosphate (Promega). All antibodies used in this study was confirmed to react with rat proteins by manufacturers.
Immunocytochemistry: The keratinocyte cultured on the chamber slides was washed twice with PBS and fixed with cold ethanol at -30°C for overnight. After blocking with 0.5% casein/ 50 mM Tris-HCl, pH 7.6 at 37°C for 1 hr, they were incubated with primary antibodies against desmogleins or transglutaminase at 4°C, overnight. After the incubation, the cells were incubated with anti-mouse immunoglobulin (Dakopatts) for one hour, they were conjugated with mouse PAP complex (Dakopatts) for one hour at room temperature. The resulting slides were immersed in 0.02% 3-3'-diaminobendizine/50 mM Tris-HCl, pH 7.5 supplemented with 0.03 % H 2 O 2 , then counterstained with Mayer's hematoxylin.
RESULTS

SDS-PAGE showed that Ca
2+ concentrations in the culture media did not affect expression of major cellular proteins of rat keratinocytes except slight increase in 60 kDa band (Fig. 1) . Immunoblotting revealed that 135 and 150 kDa bands corresponding to desmogleins and 92 kDa band corresponding to transglutaminase were apparently upregulated by 1 mM Ca 2+ , while 56 kDa cytokeratin was slightly increased (Fig. 2) . Expression of desmogleins did not show considerable changes in response to further increase in extracellular Ca 2+ . In contrast, transglutaminase increased in response to the elevation of Ca 2+ concentrations. High concentrations of extracellular Ca 2+ led these keratinocytes to the flattened cell shape manifesting the differentiated phenotype (Fig. 3) . Immunocytochemical stainings showed that expression of desmogleins was observed in the differentiated keratinocytes. Under 1 mM Ca 2+ condition, desmoglein proteins were diffusely stained in the cytoplasm and this desmosomal protein located to the cell periphery when these cells were cultured in the presence of 2 or 5 mM Ca 2+ . Another differentiation marker protein, transglutaminase was stained in the cell periphery of the keratinocytes cultured in 1-5 mM Ca 2+ . The keratinocytes cultured under 0.23 mM Ca 2+ (the basal medium) were not stained with these antibody. Immunoblot analysis of integrin β1 subunit detected about 130 kDa bands (Fig. 4) . Integrin β1 subunit protein was abundantly expressed in the keratinocytes cultures in the basal medium. In contrast to desmoglein and transglutaminase, integrin β1 subunit protein was down-regulated by Ca 2+ stimulation.
DISCUSSION
The mouse keratinocyte culture has been established to analyze the biology and the pathology of the epidermis. To examine the keratinocyte functions, gene expression of several components has been investigated, but localization and translocation of structural proteins such as desmosomal proteins should be evaluated by means of antibodies. While several antibodies to the structural proteins of the keratinocytes were commercially available, most antibodies were raised as mouse monoclonal and unsuitable for the application to the mouse keratinocytes. Therefore, in this study, we established cell culture of rat keratinocytes and examined expression of differentiation-related proteins after stimulation with Ca
2+
. Immunoblotting with anti-desmoglein antibody revealed that two bands with apparent molecular weights of 150 kDa and 135 kDa. Iwatsuki et al. [20] previously revealed that this antibody, DG3.10, reacted with 150 kDa (Dsg 1) and 130 kDa (Dsg 3) bands by immunoblotting using cultured human keratinocytes. Therefore, two posi- tive bands detected in rat keratinocytes were thought to correspond to desmoglein-1 and -3. We also detected transglutaminase protein with a molecular weight of 92 kDa in rat keratinocytes by immunoblotting. Calcium ion increased this protein in a dose dependent fashion as similarly to the human keratinocytes [20, 27, 30] . Furthermore, immunocytochemical stainings demonstrated that desmogleins located in the intercellular space of rat keratinocytes increased in the 2 or 5 mM Ca 2+ , suggesting in vitro formation of desmosome, whereas desmoglein were localized in cytoplasm and perinuclear region when the cells were cultured with 1 mM Ca
. Calcium-dependent PKC activation may play an important role in the translocation of desmosomal plaque proteins, such as desmoplakin and desmoyokin from the cytosol to the plasma membrane [11, 14, 25, 27] . Taking above into account, the present study suggests that rat keratinocytes requires more than 1 mM Ca 2+ to form complete desmosome in vitro.
In the epidermis, basal keratinocytes adhere to the basement membrane through integrins, e.g. α3β1, α6β1 and α6β4 [12] . Human keratinocytes express a number of integrins that mediate cell-cell and cell-extracellular matrix adhesion. Rat proliferative keratinocytes also expressed integrin β1 and the expression was down-regulated by exogenous Ca 2+ . In contrast to the induction of desmosomal proteins, human keratinocytes decrease expression of integrin β1 protein and mRNA during differentiation [1, 17, 33] . These results suggested that keratinocyte integrins not only mediate adhesion to extracellular matrix but also regulate the initiation of the terminal differentiation.
In summary, the present study immunochemically demonstrated that Ca 2+ increased desmosomal proteins and decreased integrin β1 protein in the cultured rat keratinocytes as observed in human keratinocytes.
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